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Investigation of surface tensions of 4queous alcohol solutions at various
temperatures is also of interest from the standpoint of the foam-forming capa-
city of the solutions in question., We found earlier that one mey determine from
temperature-surface tension curves of systems consisting of two organic liquids
that separation of the components takes place at the surface, This separation,
in our opinion, is a factor which brings about formation of foam.(11)

The surface tension measurements were carried out by determining within ine
tervals of 50 the maximun pressure at whish bubbles were formed, The tempers-
ture was helq constant with a precision of 0.1°, The aleoholg used were dehy-
drated by boiling them with magnegium £ilings. The mixtures were Prepared by the
volume method. Their composition is indicated in volume 4. It is well known
that among the alcohols studied, a-butyl alcohol ang isobutyl alcohol, which
are sparingly soluble in water, exhibit a pronounced tendency to Produce foams
vhen present in the form of aqueous solutions.

The most general case of limited s0lubility of 1liquids {g characterized, as
is wel’, known, by the existence of “wo critical solubility points. For instance,
these points appear in the systen vater-nicotine. In aly such System, the in-
creased solubility brought. about by a loverirg of the temperature 1s gue to a
reduction of the thermel dissociation of complaxes {e.g. hydrates) which the
components form with each other (13). These complexes act ag komogenizers in
Systems where there is Separation due to great. differences between the sur.
face tensions of the componente.(14).

In some systems, a closed solubility curve caunot be completely achieved by
Teason of ensuing crystallization or because the criticel point of evaporation
hes been reached. Hovever, ig a number of mixtures forming systems of this king,
separation disappears when the temperature 15 raised or lowered, Aqueous soly-
tions of butyl alcohol ang isobutyl aleohol exhibit this property.

e Tn such solutions, separation at the surface must also take place in g

o definite temperature region and disappear on either heating or cooling, The
regior of surface separation may be displaced to a considerable extent with re..
ference to the ragion of volume Separation, because the concentrations and ac-
tivity coefficients of the componants in the surface £ilm differ considerably

. from the corresponding valueg within the volume of the solution. For this rea-
80D, surface separation must also occur in solution systems which remain com-
Pletely homogenscous at all temperatures that have been encountered,

In the case of the 6ysiem water-normal butyl alcohol which has been investi.
gated, the n.butyl alcohn] boiled at 117.40 (755 mm). Tts density (dﬁo) was 0.8c07,
The values obtained by measurin " the surface tension of the components and tkeir
mixtures are shown in Table 1 /see appended tables;7 The curve for 9% by volume
of butyl alcohol could be traced to the temperature at vhich the solution separnteg
into two layers. As the tempersture 1g raised, this curve approaches that frop .
pure butyl alcohol. The difference LG=6 -6 {and consequently elso the
surface activity (5 5 206 ) increus®¥d as the temperature goes up (

18 the surfa-e tension of ﬁhre water), It follows from thig that here the adsorp-
tion increases with the temperature., fThis contredicts the postulate that adrorp -
tion must drop as the temperature increases, because increased heat motjon of
molecules must lead to en equalization of concentrations between the surface filnm
and the bulk of the solution.(ls). We shall attempt to explain this contradje-
tiop delow, :

For the temperature curves of a number of solutions, rapid changing of the
coefficient ¥ a = = vith the temperature is characteristic. At low temper-
aturee, this coeffié?ent 1s very high, greatly exceeding in magnitude the valye
of.Z for pure water, but vithin the span of a few tens of degrees drops practically
to Zero. The curves have been brought up to only S50° because above this tempera-
ture measurements of surface tension proved imposeible because of fluctuations in
the maximum pressure at which bubbles vere forued,
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(ergs per square centimeter per degrze), However » 85 the temperature rises, the
coefficient _Z ; Which remains constant in the beginning, drops rapidly, so
that in the case of solutions with low conceutrations {3%), its value approaches
zero. The genersl shape of the curvee indicstes that at still higher tempcra-
tures X may assume & negative value. We have shown earlier that abnormally
lov values of _é' are characteristic for surface separation with aa upper criti-
cel point. For that reason, one may assume that the final result of increasing
the temperature must be transformation of the state of surface separa“ion into

& state corresponding to the formation of & completely homogeneous surface layer.

We regarded it as essentiel to carry out measurements on lower homologues
68 well. The aqueous solutions of these homologues do no* show any separation,

In the investigation of the syevem vater-normal propyl alcohol the u-propyl ;
aleohol used had a boiling range of 97.1-97.6° at 756 mm and the density f deog i
of 0.8043, The surface tension in the temperature range minus 10° to plus 50
vwas measured. Measurements at still higher temperatures could not be made. The :
results of the measurements are shown in Table 3.

The temperature curves of solutions containing 0.5-20 volume % of n-propyl |
alcohol are curvilinear, Their convex side is turned toward the temperature i
axis, With the exception of the k0% curve, which has a small curvature at low

temperatures, all remaining curves are practicaily rectilinear. The course

which these curves assume is the same &s in the case of the system that con-

tains ethyl alcohol. This system is described below. Using the temperatuce coef-

ficients determined by us graphically (for instance those at 259), ve fiud on

pasaing from pure water over a pumber of solutions to pure n-propyl alcohol tnat

the coefficients firet psss through & minimum (for an 0,5% solution tuis lies

a1 0.135), then rise up to a maximum value (0.192 for a 104 solution), ther drop

again und, on passing through a low minimum {(0.06), finally rise and approech a

value corresponding to that for pure n-propyl alcohol (0.084 ergs per square centi-

meter per degree). We must note that when the temperature drops, the maximum value

ofxriaes and approaches in magnitude the corresponding values in pPreceding systems.-

In the tnvestigation of the systen water - etB&l alcohol, the ethyl alcohol
bad a b, pt. of 78.0° at 757 om aud the density {d}") of 0.7898. Measurement of
surface tensious in this system was carried out in the temperature range minus
10° to plus 60°, The results of the measurements in question are given in Table 4,

The values found for _6 at 25° were in gocd egreement with publighed data
(2, 15, 18,

Exemination of the curves obtained 1n this case shows that some of them are
rectilinear, while others are smooth curves. Ope may regard as rectilinear the
curves for solutions containing less than 3% of alcohol and those for all solutions
coptaining more then 40§ of alcohol. Solutioms of intermediate concentrations
glve curvilinear graphs. It is characteristic for the letter solutioms that the
coefficient acquives in the region of low temperatures & value which is higher
thap that of the components. In this respect they resemble the systems discussed
previously.

We consider it expedient “o regerd X as & function of tbe composition of
the surface layer. Many investigators, om the basis of a study of surface tension
isotherms, made various assumptions in regard to the structure and composition of
surface rilms in the system water - ethyl alcchol (3-8). However, this problen
capnot be regarded as completely solved. The theory of A. A. Zhukhovitskiy (8),
according to which the surface film is regarded as an idesl solution, permits cal-
culation of the composition of the surface film. The values obtained as a re-~
sult of this calculation my be regarded 85 & good approximation: they differ
essentially from the data computed by Butler, Wightman (4} and Guggenheim, Adam (5).

-
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In Figure 3, the temperature coefficients of the system at 259, which we
calculated by using the graphlc method, are plotted against values giving the com-
position of the surface f£ilm vhich have been calculated on the basis of A, A, '
Zhukhovitskiy's data, The curve of the temperature coefficient drops starting
with the 1006 point for each of the two components and, on passing through a
minimum, rises to the maximum value of ¥ . The maximum deviation of Y from
the value corresponding to & purely additive effert occurs at about the Tod point.
This means that the maximum of surface entropy corresponds to an equimolar ra-
tion of components in the surrace film. The curve also indicates that CZHSOH.
Ho0 may be the possible composition of the hydrate.

“We may note that the idea in regard to the hydration of molecules which
are oriented in the surface film of a solution has been advanceg earlier (19, 20),

In the investigation of the system water - methyl alcohol, methgl alcohol,

) was
0.7923. The results of measuring the surface tersions of this system are shown
in Table 5.

At first glance, these results seer 0 be different from those obtained in
the case of ethyl alcohol; the temperature curves are practically rectilipear.
Using the method of the least squares, we determined the equations representing
these curves (cf the last column of Table 5), All deviations of experimentally
determined points from the polnts disposed on the straight lines are accidental
and do not exceed the limits of experimental error,

The angle coefficient of the temperature curves (with a reverse sign), i.e.,

the temperature coefficient » passes through a minimum. If the values of
are plotted along the axis of ordinates, and the volume or molar fractions’

of slcohol contained in the solution along the axis of abscissae, there is only
8 very small amount of dispersion at low concentrations. If the molar fractions
of alcohol in the surface film (as found, for instance, on the basis of A. A.
Zhukhovitekiy's data) are plotted along the axis of ebscissae, we obtein the
curve ghown in Figure 4. This curve indicates the assential aimilarity
between the system under consideration and  the preceding system.
The dirference consists in the fact that iy this  particular
case positive aeviatiuvns of _X' Ircl 84d1tiVilYy are DOt great encugh to
give rise to a maximum on the curve. The geuneral character of the curve is es-
sentially the same, however. It 1s noteworthy that in this system a8 well tle
maximum deviation from additivity corresponds to a composition of the surrace layer
which lies close to an equimolar proportion of the components. Thus, in this
system the shape of the temperature ccefficient curve also indicates the forma-
tion of hydrates in the surface £ilm.

We acknowledge the active participation of Academicien P. A, Rebinder and
Prof A, B, Taubman !n the discussion of the work pvblished in this instance,

Conclusions
1. Determination of tke surface tensions of agueous solutions of methyl,
ethyl, n-propyl, n-butyl, and isobutyl alcohcls was carried out at various tem-
peratures .
2. Consideration of the teuperature coefficients of the surface tension in

the systems studied permits the conclusion that hydrates of alcohols are formed
in the surface film of the soluticns in question.
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Table 1., Surface Tensions of the System Water - n-Butyl Alcohel

—1° 132 20 _ps0 ~2. 30 k00 ko g0
T4.19 73.50  T2.75 72.01 68;78 67;95
7.138  70.61 69.84 68.91 65.91 65;29
64,53 63.60 6_2,68 _61,91 5929 5892
55.60 54,72 53.81 52.80 50&0 5025
51.02 50,02 49,18 48,17 hﬁ.h ks;ah
b7.b7 46,37 45,54 ki, 57 h2;’r h19o
ks k202 ko5 s %97 3660
36.51 34.85 33.48 32.63 2993 ;959
33.8% 32.36 31.16 29.87 . 27.;0 26;83
29,59 28.4o 27.%k0 26.37 23.88 23.6§
28,71 27.20 25,91 25,07
25.36 24,90 24,52 23.98 ' ;?36 2;-05

ki : _—..-. rowaie * -
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Surface Tensions of the System Water - Isobutyl Alcohol

- N
h.96 73.51
43.26 . 50.94
3.2 35.51
36.14 33.31
32.13 29.51
30.06 27.78
29.30 26.88
28.95 26.33
23.84 23.08
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Table 3. Surface Tensions of the Bystem Water - n-Propyl Alcohol

13.51 T1.98 .21
67.21 66.30  65.87
62.16 59.68  59.01
57.60 56.18 55,48
k.80 . 45.90 L8l
38.86 36.68  35.90
28.86 27.67  27.24
26.05 25.34 25,13
25.48 24,78 24.36
25.18 2k.43 24,04
24.15 23.23 2292
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Table 4. Surface Tensions of the Bystem Water - Ethyl Alcohol
% CoHs0H
Y omel 100 S 2% 200 15 20 250 300 3% koo ks®
o 0 75.70 73.51 71.98 T1.21 70.37 68.76
0.5 0.18 72.81 70.58 69.86 €9.08 68.22 67.57 66.12
0.75 0.26 72.09 70.13 68.55 67.76 67.17 65.80
1.0 0.35 72.29 71.70 69.34 67.90 67.17 66.33 64,94
3.0 1.2 66,65 65.87 63.37 61.75 61.00 60.35 59.10
5.0 1.8 63.22 62.44 59.47 57.70 56.96 56.26 55.57
3.5 56.29 54,94 51.75 50.06 49.21 48,57 47.29
7.3 46.37 45.31 ba.34 k.71 39.93 39.01 37.88
1.3 38.30 37.52 35.47 3455 33.91 33.42 32.57
17.2 33.35 33.06 31.86 31.01 30.68 30.30 29,74
31.6 29.81 29.38 28.25 27.68 27.19 26.97 26.27
56.1 27.54 27.04 25.98 25.13 2h.85 24,43 23.72
.5 26.11 25.67 24,46 23.55 23.22 22,76 22,04 .
100 100 24,49 23,94 22,78 21.86 21.5% 21.00 20;23 50X1_HUM
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Surface Tensions of the Systen Water - Methyl Alcchol

1R om0 a0 30 g ke e g etions of te

et 73.51 T.98 T2l  70.37 69.52 67.92 8=75.80+0.158 ©

70.26  69.40 68.02 67.41 66.64 66.03 64l _gj';71.h7-o.138t

o 65.72  64.88 63.50 62,89 62,20 60,21 i;éG;BS-O.l32t
.51 59.67  59.14 57.76  5T.22  56.61 5k69 é=611h-0131+.

5k.15 51.65 51.17 50.02 49.k8  kg,01 h?.J:B é'=5;:§;-6:115t
46,71 4h.B81 bk b3 43,51 4312 ha.s1 kl:él é-hsal-oogz t
38.67 36.97 36.50 35.70  35.28 34,62 33;53 5.=37;79-°;08"t
31.60 29.84 29,11 28.56 2814 27,1 26,27 .;=3o.73-o.086 t
25,40 23.05 22.09 21.51 =21.21 15;90 ;Qal;;h!;-o;ogat

50X1-HUM |
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10° 0,24
10°
)
o i
40 46° i
0.06 0.04 !
o 0 Jo
V% Cq H 90H . .
Millimol / titer of ¢ HyCooH i
Figure 1, Temperature coefficients of Figure 2, Temperature coefficients
the surface tension of aqueous of the surface tension
solutions of n-butyl alechol, of acqueous solutions of
caproic acid (according to
P. A, Rebinder's data),
q( Ha0 C HzOH
Y Y, Hyo CHy0H
0,
16 Yos 0.16
7:!.5'
0.08 — 0.0¢
42 foo9, 0 loo 3,
Figure 3, Temnerature coefficient ot Figure 4, Temperet\;re coefficient of
surfece tension in the 6y6- surface temsion in the 8y8=
tem vater-ethyl alcohol, ten water-methyl aleohol, ’ '
Molar fractions of alcohol Molar fractions of alcohol
in the surface £1in are in the surface film are
plotted along the axis of Plctted along the exis of
abscissae. abscissae.
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